liquid nitrogen, embedded in tissue freezing medium (Leica, Germany) and cut using 1 4 7 CM3060 Leica Cryostat (Vogel-Mikuš et al., 2014) . The sections were sandwiched between using ExPASy ProtParam tool (https://web.expasy.org/protparam/, (Gasteiger et al., 2005) ). The transmembrane helices were predicted by using The HMMTOP transmembrane topology 1 7 5 prediction server version 2.0 (http://www.enzim.hu/hmmtop/, (Tusnady and Simon, 2001) ). were computed using the Poisson correction method (Zuckerkandl and Pauling, 1965 ). Identity values (%) of VIT1s were analyzed through NCBI blastp tool 1 8 0 (https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Proteins). showed closed circle shaped Fe enriched regions in cotyledons and hypocotyl ( Figure 1A ), 1 8 8 confirming the previous reports (Roschzttardtz et al., 2009 ). This region corresponds to 1 8 9 endodermis (Roschzttardtz et al., 2009 ). Similar to Arabidopsis thaliana (Fig.1A) , all other 1 9 0 members of the Brassicaceae showed closed circular-like Fe enriched regions, both in 1 9 1 cotyledons and hypocotyl ( Fig.1B, C and outer), both of which exhibited the same Fe distribution pattern ( Fig.1B, D) . Despite the 1 9 5 similarities in these patterns, variations between species were also observed. In contrast to 1 9 6
Arabidopsis thaliana (Fig.1A) , Fe enriched region of Brassica napus was not confined to a 1 9 7 single cell layer in the hypocotyl (Fig.1C ). Furthermore, Alyssum sibiricum showed two 1 9 8 adjacent Fe enriched circles instead of one in its hypocotyl ( Fig.1D ). Taken together, results 1 9 9
showed that not only A. thaliana, but also other Brassicaceae species store main Fe reserves in either Perls alone (for Fe rich samples) or with DAB intensification (for those that produce 2 0 7 low signal, i.e., low Fe concentration) to reach a balance in staining intensity. In Limnanthes 2 0 8 douglasii embryos, at the first glance, not only endodermal cells but most of the others were 2 0 9 stained ( Figure 2A ). However, closer examination around provascular bundles of cotyledons 2 1 0 and comparison of these cells with nearby cells revealed that single cell layer around the 2 1 1 strands (i.e., endodermis) were slightly enriched with Fe ( Figure 2B ). In Capparis spinosa, 2 1 2 Perls staining without DAB amplification revealed that Fe was accumulated close to the in several cell layers surrounding the provasculature including endodermis ( Fig. 2E ). Therefore, Fe enriched endodermis that was initially observed in A. thaliana, is conserved in 2 1 7 plants at least in order level. Next step was to further pursue the Fe distribution pattern in orders distinct from Brassicales. Brassicales and sixteen other orders together constitute Rosids (Chase et al., 2016) . Random 2 2 2 species belonging to diverse orders under Rosids were collected (Table 1) . Gossypium seed. Likewise, Eucalyptus elata also showed Fe enrichment in the endodermis. However, this 2 2 6 enrichment was evident in cotyledons but failed to be discerned in the hypocotyl, where 2 2 7 cortical cells were already heavily stained ( Fig.3B ). Two species that belong to the Fagales In Arabidopsis thaliana seed, Fe enrichment in endodermis is strictly dependent on a 2 3 6 functional VIT1 protein (Kim et al., 2006) . We failed to observe Fe enriched endodermis in 2 3 7 some species, indicating they may not have a functional VIT1. In order to test how well VIT1 thaliana that had only one VIT1, most plants showed two copies of it. Interestingly, in Vitis 2 4 2 vinifera, one of the two copies of VIT1 was placed with monocot VITs in the phylogenetic 2 4 3 tree. Eucalyptus grandis contained three homologs of VIT1, one of which was distinctly 2 4 4 diverged. These data suggest that VIT1 is well conserved in distinct plant lineages (Supp. Next, we assessed conservation of VIT1 protein sequence in species that were used in Fe based methods, many seeds that belong to distinct plant lineages were screened for Fe In this study, analysis of Fe distribution in seeds also reveal the general Fe distribution 3 2 3 patterns in species of Rosid seeds. Fe is mostly stored in the embryo part of the seeds (Fig 1-3 , , 2013; Singh et al., 2013 Singh et al., , 2014 Vatansever et al., 2017) . This difference may be explained embryo occupying more than half of the total seed volume. In contrast, in later appeared trend. In this process, metal transporters that would create sinks in the embryo might be Besides the general trends among seeds, exceptional distribution of Fe was also detected. imaging is not a feasible option. Note that zinc is not trapped in the seed coat, which might be germination to support the germinating embryo (Becraft, 2007; Regvar et al., 2011) . ( Lu et al., 2013; Singh et al., 2013 Singh et al., , 2014 Vatansever et al., 2017) . In Rosids, endosperm 3 5 5 rarely stores a significant amount of Fe (only in a few species, see Fig. 6A, B, Fig. 7 and 3 5 6
Conservation of VIT1 sequence in species that do not show an Fe enriched endodermis
Supp. Fig.4) . Interestingly, X-ray fluorescence showed Fe in the endosperm colocalizes with 3 5 7 phosphorus (P) (Fig. 7A ). Localization of P generally mirrors phytate distribution in seeds, We showed that Fe accumulation exhibits hot spots in embryos, which correspond to the 3 6 3 endodermis (Fig. 8) . Among other Fe enriched regions, endodermis was detected as the only 3 6 4 conserved one among distinct plant lineages (Fig. 8) . In Arabidopsis thaliana, Fe enriched 3 6 5 endodermis is strictly dependent on vacuolar Fe transporter VIT1 (Kim et al., 2006) . Therefore, we assumed Fe-enriched endodermis in species other than Arabidopsis thaliana 3 6 7 was also due to the presence of VIT1 homologs in those species. In few species, Fe enriched 2D, also see Ibeas et al. (2017)). Therefore, the question arises whether VIT1 can localize to 3 7 0 cells other than endodermis or is it strictly cell-type specific. As elegantly shown by provascular strands is always due to the expression of VIT1. Although VIT1-mediated Fe enrichment was conserved even in distinct orders, few species 3 7 6 did not exhibit this phenotype (Fig. 5-8 ). Among those seeds, endodermis in papaya embryo was devoid of any staining, while, in all the rest, staining in endodermis were not noticeably higher. This may pose the question whether VIT1 has been lost in these species during the 3 7 9 course of evolution. However, conservation of a VIT1 domain (PF01988) (Fig. 4A and Supp. 3 8 0 Fig. 2, 3 ) and distribution of these species with the ones that showed Fe enriched endodermis 3 8 1 in the phylogenetic tree (Fig. 8) do not support this possibility. Failure to detect a VIT1- with loss of function mutants (Eroglu et al., 2017; Kim et al., 2006) indicates that Fe Likewise, when a more preferential Fe transporter is present, VIT1's impact on Fe distribution 3 8 8 (i.e., Fe-enriched endodermis) might become insignificant. In addition to this model, the imaging techniques used in the study are technically limited in revealing a less pronounced Fe 3 9 0 store in the presence of a highly pronounced one. For instance, in Arabidopsis thaliana, 3 9 1 endodermal cells produce the only significant Fe signals by X-ray analysis (Kim et al., 2006) 3 9 2 or Perls/DAB staining ( Fig. 1A ) and the signal from the rest of the cells is unnoticeable. Nevertheless, the rest of the cells in the embryo account for half of the total Fe in the seed, as shown by precise quantitative techniques (Ramos et al., 2013) . Taken together, VIT1 gene and 3 9 5 its associated phenotype is well conserved despite some seeds show alternative Fe hotspots. Rosids is a huge lineage including 80000 species belonging to 147 families, making more 3 9 7 than a third of all angiosperms (Hedges and Kumar, 2009; Soltis, 2005) . The current study 3 9 8
shows seeds store Fe mainly in embryo in Rosid species. This Fe is not equally distributed but acknowledged for the provision of the beamtime (project 20175078). Regvar, M., Eichert, D., Kaulich, B., Gianoncelli, A., Pongrac, P., Vogel-Mikus, K., and 5 2 6
Kreft, I. (2011). New insights into globoids of protein storage vacuoles in wheat aleurone 5 2 7 using synchrotron soft X-ray microscopy. J. Exp. Bot. 62, 3929-3939. Rev. Food Sci. Food Saf. 13, 329-346. Singh, S.P., Vogel-Mikuš, K., Arčon, I., Vavpetič, P., Jeromel, L., Pelicon, P., Kumar, J., Singh, S.P., Vogel-Mikuš, K., Vavpetič, P., Jeromel, L., Pelicon, P., Kumar, J., and Tuli, R. Vatansever, R., Filiz, E., and Eroglu, S. (2017) . Genome-wide exploration of metal tolerance 
